Abstract. Classical methods for modeling the steady-state modes of complex electrical networks and systems are based on the application of nonlinear node equations. Nonlinear equations are solved by iterative methods, which are connected by known difficulties. To a certain extent, these difficulties can be weakened by applying topological methods. In this paper, we outline the theoretical foundations for the formation of the inverse form of nodal stress equations based on the topology of electrical networks and systems. A new topological method for calculating the distribution coefficients of node currents is proposed based on all possible trees of a directed graph of a complex electrical network. A complex program for calculating current distribution coefficients and forming steady-state parameters in the MATLAB environment has been developed.
Introduction
When analyzing the functioning and management of power system regimes, it becomes necessary to perform a large amount of work on the calculation of steady-state regimes [1] . Equations of steady-state regimes of complex energy systems are nonlinear and can be solved only by iterative methods. The difficulties of obtaining real solutions of non-linear equations of steady-state regimes can be overcome if one approaches from the point of application of the inverse form of nodal equations [2] . There exist several indirect methods for determining the matrix of nodal resistances, which in the general case did not lead to the desired result with respect to complex systems. In [3] , topological methods were developed for calculating electric power systems in which the steady-state regime was directly formalized from the topology of the circuit, which turned out to be of little use for a complex system. Below we propose an improved topological method for modeling the steady-state regimes of complex electric power systems.
The transformation of the node equation
The inverse form of the node equations is as follows: The analytical relationship between the given currents and the distribution of currents in the passive circuit is determined by the expressions:
where C -rectangular matrix of current distribution coefficients; M -the first incidence matrix. Expression (1) with provision for (2), (3) can be written down as follows:
-transposed matrix of current distribution coefficients. The obtained equation (5) allows us to write the identity as follows:
Thus, the problem of calculating the matrix of nodal resistances is reduced to determining the matrix of the distribution coefficients of the given currents, which substantially reduces the amount of computing work.
Current distribution coefficients and electrical network topology
The topology of electrical networks makes it possible to establish an analytical relationship between the current distribution coefficients and the structure of the linear graph of the network. A significant place in the network topology is occupied by such subgraphs as trees and 2-trees. From the values of trees and 2-trees of the graph numerators and denominators of the distribution coefficients of the driving currents of electric networks are formed [3] . In the works [4, 5] , a new approach to the determination of the numerators of the current distribution coefficients in the function of the network parameters was proposed without searching for and determining the value of the 2-trees of the graph of a complex network.For the closed network shown in Figure 1a , the first column of the matrix of the distribution coefficients of the node currents is determined by solution of the equation
generated for the circuit (see Figure 1b) . 
where
The topological properties of the current distribution coefficients (7) can be determined by formulas that can be written down after simple transformations as follows: 
The obtained expressions for the elements of the current distribution matrix are the trees of the graph of the circuit as a function of the natural parameters of the electrical circuit. For all the current distribution coefficients that make up the matrix under study, the denominator is the same, which is determined by the sum of the products of the conductivities of possible trees of the graph.
Possible trees of the graphare shown in the Figure 2 . The numerators of the current distribution coefficients depend on the node of the perturbation application, in the form of a single current, and the geometric image of the circuit.
For example, the numerator of the current distribution coefficient C11is formed by the sum of the products of the values of three trees containing the path from the first node to the basic node, through branch 1, shown in Figure 3 . The numerators of the coefficients С21, С31, С41.are defined likewise. In the general case, the elements of the current distribution matrix are calculated on the basis of the topological expression For all current distribution coefficients that are part of the network under study, the denominator is the same, i.e. is determined once by the total value of possible trees of the graph.
Formation of steady-state mode
The voltage at the nodes relative to the base node is determined by the expression:
where C -rectangular complex matrix of current distribution coefficients; d Z -diagonal matrix of branches resistances; ˆd U -diagonal matrix of nodal conjugate voltages; Ŝ -matrix -column of conjugate powers of node loads and generators.
Calculation of the steady state of a real 220 kV network
The nodalization diagram of the allocated part of the network of the real power system of the Republic of Kazakhstan is shown in Figure 4 . The resistance of the branches of the replacement circuit is indicated in the Figure and the total power of the nodes are known. 
Formation of a matrix of current distribution coefficients
All possible trees of the non-directional graph of the original circuit are defined using the theory of structure numbers. To search for and identify specific trees, a special program was developed in the MATLAB environment, on the basis of which the current distribution coefficients were calculated (9). Calculation results are shown in Tables 1а, 1b. 
Steady-state mode calculations
Algorithms for the formation of steady-state mode are realized in the MATLAB. All possible graph trees are defined on the basis of the theory of structural numbers, and specific trees are based on a specially developed for this purpose algorithm. Calculations of nodal voltage are performed with iterative methods. A numerical experiment was performed for the design circuit of the allocated part of the network of the real power system of the Republic of Kazakhstan, depicted in Figure 4 . The resistance of the branches of the replacement circuit is indicated in the Figure and the total power of the nodes is known. In the process of preparation of the initial data, the steadystate zero-iteration mode is formalized, with subsequent refinement of the node currents to the specified accuracy of the determination of the mode parameters.
Calculation results are shown in Table2. The allocated section of a real electrical network, in fact, is not very loaded, which is confirmed by the calculations. As can be seen from Table 2 , the results obtained by different methods are giving good agreements. It should be noted that the results obtained using the matrix C are close to real. This is explained by the fact that in the "RASTR" program the reactive powers generated by the line during the calculation are taken into account by constant values and are corrected for the steady-state voltage, whereas in the proposed method, the reactive power of the line is refined at each step of the iteration.
